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Introduction {#sec001}
============

Regular Mouthing Movements (RMMs) are frequent movements of the lips and lower jaw and can be observed by imaging the fetal face using ultrasonic tomography \[[@pone.0233909.ref001]\]. In near-term infants, it is known that RMMs form clusters during quiet sleep \[[@pone.0233909.ref002],[@pone.0233909.ref003],[@pone.0233909.ref004]\].

The nomenclature for RMMs is non-uniform and may differ between fetuses and newborns. In neonates, the terms "Spontaneous sucking movements" and "Non-Nutritive Sucking (NNS)" are commonly used. Both of these represent movements that appear as a cluster of 2 to 4 seconds of spontaneous regular lip movements, similar to RMMs \[[@pone.0233909.ref002],[@pone.0233909.ref004],[@pone.0233909.ref005]\]. NNS and RMMs are considered to be the same in fetuses and newborns due to their periodicity and appearance pattern \[[@pone.0233909.ref002],[@pone.0233909.ref004],[@pone.0233909.ref005]\].

A study of full-term human infants has reported that RMM clusters appear in association with high-amplitude slow waves that are characteristic of non-REM sleep \[[@pone.0233909.ref006]\]. In animal experiments using rats, it has been reported that the development of slow waves is associated with synaptic plasticity and cerebral cortex maturation \[[@pone.0233909.ref007],[@pone.0233909.ref008]\]. Based on the above, it is considered that RMM clusters are related to the development of brain functions related to sleep.

In previous studies on fetal mouth movements, it has been reported that short-interval mouth movements increase at 32--34 gestational weeks \[[@pone.0233909.ref009],[@pone.0233909.ref010]\] while short-interval mouth movements during non-eye movement (NEM) periods increase at 35 weeks of gestation \[[@pone.0233909.ref009]\], exploring interval times of all mouth movements within the observation time. Furthermore, E.E.van Woerden reported that RMMs were observed in the NEM period in 74% cases at 38--40 weeks of gestation \[[@pone.0233909.ref005]\]. In addition, recognizing RMMs during the NEM period has been used as an index for evaluating fetal central nervous system (CNS) function \[[@pone.0233909.ref011],[@pone.0233909.ref012]\]. The interval time of mouth movements and the presence or absence of RMMs have been studied only for the last trimester have been studied, but there are no reports on the mode of occurrence of RMM clusters over longer time points. Furthermore, due to the relationship with slow waves, RMMs need to be studied in relation to cluster formation. By investigating fetal RMM clusters and the relationship between RMM clusters and the NEM period, it is possible to identify indicators of fetal CNS function development and neurological prognosis. By observing eye movements of the fetus using ultrasonic tomography, the eye movement (EM) and NEM periods are recognized and they are considered to correspond to REM and non-REM sleep after birth. The NEM period continues from around 24 gestational weeks \[[@pone.0233909.ref013],[@pone.0233909.ref014],[@pone.0233909.ref015]\].

Based on the above, the purpose of this study was to clarify changes in RMM clusters in fetuses between 24--39 gestational weeks and to investigate the relevance to the NEM period.

Materials and methods {#sec002}
=====================

Fetal population {#sec003}
----------------

The name of ethics committee is ethics committee at Kyushu University Hospital. The study was approved by our ethics committee (No. 27--51) and informed consent was written from all mothers prior to the start of the study. We performed a cross-sectional study of 101 normal singleton pregnancies between 24 and 39 weeks' gestation that underwent perinatal management at the Maternity and Prenatal Care Unit of Kyushu University Hospital from 2013 to 2019. Cases with apparent fetal morphological abnormalities and maternal complications at the time of recruitment were excluded. However, after data collection, as the pregnancy progressed, there were 5 cases diagnosed with gestational diabetes mellitus and 5 cases diagnosed with hypertensive disorders of pregnancy. We calculated the time since the last menstrual period and determined the number of gestational weeks in the first trimester by measuring crown-rump length using ultrasonic tomography. In all cases, the mothers had no history of smoking or alcohol intake. They also did not take any medications other than iron or vitamins during pregnancy. There were no particular complications during labor and no developmental abnormalities at the one-month infant checkup.

Data acquisition {#sec004}
----------------

Patients were placed in a supine position in a quiet room, allowing them to change positions freely. The procedure was performed between 13:00 and 16:00 at least 2 hours after meal intake. Fetal eye movements and mouth movements were observed for 60 minutes at a frame rate of 30 frames/s or higher using transabdominal two-dimensional sonography (APLIO 500 TUS-A500; TOSHIBA, Japan) with a 3.5MHz convex transducer (PVT375BT Probe). The video data was saved on an SD card as a digital video file in MP4 format. A cross section of fetal eye movements and mouthing movements were seen on coronal imaging in which the edge of the fetal lens was depicted as a ring-shaped circular echoic image at the same time that the mouth was observed ([S1 Fig](#pone.0233909.s001){ref-type="supplementary-material"}). When we were unable to render the appropriate cross-section, we adjusted the position of the probe and asked the mother to change her position so that the proper cross-section could be rendered.

Analytical methods {#sec005}
------------------

### Data processing {#sec006}

For each eye movement and mouth movement, we created time-series data using saved videos \[[@pone.0233909.ref016]\]. Next, we divided every minute, and the periods during which eye movements occurred were defined as EM periods, while those during which eye movements did not occur were defined as NEM period. The time series data of mouth movements were taped at the beginning of the mouth movement and considered as one mouth movement. The time between one mouth movement and the next mouth movement was defined as the interval time between mouth movements. Moreover, mouth movements that occurred two or more times with less than one second interval in between were defined as RMM clusters \[[@pone.0233909.ref001]\]. We defined the period of observation as the effective observation time, and examined the data within the effective observation time. There are times when the eye and mouth movement of the fetus cannot be observed due to the movement of the fetus. If no facial movements can be observed, the time during which no observations were made was excluded and the analysis was performed on the effective observation time. In addition, we analyzed cases where the effective observation time was 80% or more.

The items used as indicators in the analysis are as follows. Effective observation time (min): Time during which mouth movements were identified during the observation period. Cases in which effective observation time was 80% or more (48 minutes or more) of observation time were analyzed.Total number of RMM clusters: Total number of RMM clusters observed within the effective observation time.Total number of RMM clusters in EM: Total number of RMM clusters observed during the EM period.Total number of RMM clusters in NEM: Total number of RMM clusters observed during NEM period.RMM clusters per minute = Total number of RMM clusters/effective observation timeRMM clusters per minute in EM = Total number of RMM clusters/EM period (min)RMM clusters per minute in NEM = Total number of RMM clusters/NEM period (min)MMs per cluster = Total number of mouth movements in RMM clusters/total number of RMM clusters (min)Ratio of number of RMM clusters per minute between NEM and EM periods = RMM clusters per minute in NEM/ RMM clusters per minute in EM

### Fetal developmental groups {#sec007}

Cases between 24--39 weeks' gestation were classified into eight groups of 2-week intervals. (24--25 weeks, 26--27 weeks, 28--29 weeks, 30--31 weeks, 32--33 weeks, 34--35 weeks, 36--37 weeks, and 38--39 weeks).

### Piecewise linear regression analysis {#sec008}

In the scatter plot of each variable, analysis was performed using a piecewise linear regression model to identify critical points between 24--25 and 38--39 gestational weeks \[[@pone.0233909.ref017], [@pone.0233909.ref018]\]. To select the best regression equation, Mallows' *Cp* value was defined with the equation *Cp = RSS / s*^*2*^*− (n-2p)*. In this equation, *n* was the number of fetuses, *p*, the number of critical points, *RSS*, the residual sum of the square from a given combination of *p* points, while *s*^*2*^ was the residual mean square based on regression using all points \[[@pone.0233909.ref019], [@pone.0233909.ref020]\]. The optimal piecewise linear regression was selected by two steps. At first, *p* was determined as the smallest *p* for which the *Cp* value was the minimum value less than or equal to *p*. Second, among the found combinations of *Cp* values, the minimum combination of *Cp* values was selected \[[@pone.0233909.ref019],[@pone.0233909.ref020]\]. In this analysis method, both end groups (24--25 and 38--39 weeks) were excluded as they might be detected as "critical points". For each index, statistical analysis was performed using Student's t-test in the first group, the last group, and the "critical points" group. All analyses were performed using R 3.2.5 statistical software (<https://www.r-project.org/>).

### Verification of the reliability of the taping process {#sec009}

The reliability of the taping method has been verified in a paper by Okawa et al. The intraclass correlation coefficient (ICC) in the taping method was ICC\> 0.8, which is considered to reflect good reliability \[[@pone.0233909.ref016]\].

Results {#sec010}
=======

Experimental outcomes and analyses {#sec011}
==================================

In two cases, the effective observation time was insufficient due to fetal posture and movement. These two cases were observed at gestational weeks 36 and 38 weeks, respectively. Eight cases of small-for-gestational age (SGA) infants (infants with birth weight less than the tenth percentile by birth standard value by gestation period), one case which had no NEM period during the effective observation time, and seven cases with no RMM clusters within the effective observation time were excluded. Analysis was performed in 83 out of 101 cases. The clinical characteristics of analyzed cases are shown in [Table 1](#pone.0233909.t001){ref-type="table"}.

10.1371/journal.pone.0233909.t001

###### Characteristics of the 83 fetuses.

![](pone.0233909.t001){#pone.0233909.t001g}

  Age group (weeks)   n    Gestational age at delivery (weeks.days)   Birth weight (g)    Sex (male/female; n)   Apgar score   pH of the umbilical artery   
  ------------------- ---- ------------------------------------------ ------------------- ---------------------- ------------- ---------------------------- -------------------
  24--25              10   39.3 (37.5--40.6)                          3011 (2745--3670)   5/5                    8 (7--9)      9 (8--10)                    7.27 (7.19--7.36)
  26--27              9    39.1 (36.3--40.6)                          3050 (2565--3330)   4/5                    8 (7--9)      9 (8--10)                    7.30 (7.27--7.35)
  28--29              10   38.3 (36.0--40.1)                          3180 (2340--3175)   5/5                    8 (8--9)      9 (9--10)                    7.28 (7.25--7.35)
  30--31              12   39.6 (37.4--42.1)                          3240 (2340--3650)   6/6                    8 (8--9)      9 (9--10)                    7.33 (7.24--7.44)
  32--33              10   38.5 (37.3--41.1)                          2930 (2545--3135)   4/6                    8 (4--9)      9 (7--10)                    7.30 (7.22--7.38)
  34--35              11   38.6 (38.1--40.5)                          3020 (2600--3400)   6/5                    8 (7--9)      9 (9--10)                    7.26 (7.22--7.39)
  36--37              10   39.5 (38.3--41.0)                          3228 (2770--3885)   7/3                    8 (7--9)      9 (9--10)                    7.23 (7.12--7.39)
  38--39              11   40.1 (38.6--41.3)                          3095 (2765--3828)   7/4                    9 (8--9)      9 (8--10)                    7.32 (7.28--7.35)
  Total               83   39.2 (36.0--42.1)                          3075 (2340--3885)   44/39                  8 (4--9)      9 (7--10)                    7.30 (7.12--7.44)

Data is shown as medians with ranges.

[Table 2](#pone.0233909.t002){ref-type="table"} shows the effective observation time, EM time (%), and NEM time (%) of each 2-week group. [Table 3](#pone.0233909.t003){ref-type="table"} shows the number of cases in which RMM clusters were observed within the effective observation time, and the number of cases in which RMM clusters were observed in the NEM period.

10.1371/journal.pone.0233909.t002

###### Effective observation time and rate of eye movement (EM) and non-eye movement (NEM).

![](pone.0233909.t002){#pone.0233909.t002g}

  Age group (weeks)   Effective observation time (min)   EM period rate (%)   NEM period rate (%)
  ------------------- ---------------------------------- -------------------- ---------------------
  24--25              59 ± 2                             56 ± 13              47 ± 14
  26--27              59 ± 3                             60 ± 16              41 ± 15
  28--29              60 ± 2                             65 ± 12              37 ± 12
  30--31              59 ± 3                             68 ± 11              32 ± 12
  32--33              59 ± 2                             68 ± 7               34 ± 6
  34--35              58 ± 2                             63 ± 8               35 ± 8
  36--37              59 ± 2                             60 ± 13              44 ± 16
  38--39              59 ± 1                             65 ± 12              35 ± 13

Data is represented as means ± standard deviation.

There were no significant differences between groups.

10.1371/journal.pone.0233909.t003

###### Presence or absence of RMMs in each 2-week group in the effective observation time and NEM period respectively.

![](pone.0233909.t003){#pone.0233909.t003g}

  Age group (weeks)   n    Presence of RMMs in effective observational time   Presence of RMMs in NEM period
  ------------------- ---- -------------------------------------------------- --------------------------------
  24--25              12   10 (83)                                            9 (75)
  26--27              11   9 (82)                                             6 (55)
  28--29              11   10 (91)                                            6 (55)
  30--31              12   12 (100)                                           8 (67)
  32--33              11   10 (91)                                            8 (73)
  34--35              11   11 (100)                                           8 (73)
  36--37              11   10 (91)                                            9 (82)
  38--39              11   11 (100)                                           9 (82)

Values in parentheses represent percentages.

The results of Piecewise linear regression analysis are shown below. RMM clusters per minute had two statistically significant critical points at 32--33 weeks and 36--37 weeks' gestation (*Cp* = -0.13). RMM clusters per minute did not increase from 24--25 gestational weeks to the critical point at 32--33 gestational weeks (*p* = 0.48), but increased significantly after 32--33 gestational weeks. (*p* = 0.01). There was no significant difference in RMM clusters per minute between 36--37 weeks and 38--39 weeks gestation (*p* = 0.07) ([S2 Fig](#pone.0233909.s002){ref-type="supplementary-material"}).

RMM clusters per minute in EM had statistically critical points at 26--27 weeks of gestation (*Cp* = -0.05). However, there was no significant difference in either 24--25 weeks and 26--27 weeks of gestation or 26--27 weeks and 38--39 weeks of gestation (*p* \> 0.05) ([S3 Fig](#pone.0233909.s003){ref-type="supplementary-material"}).

RMM clusters per minute in NEM had two statistically significant critical points at 32--33 weeks and 36--37 weeks of gestation (*Cp* = 0.32). RMM clusters per minute in NEM did not increase from 24--25 gestational weeks to the critical point at 32--33 gestational weeks (*p* = 0.65), but increased significantly after 32--33 gestational weeks. (*p* = 0.03). There was no significant difference in RMM clusters per minute between 36--37 weeks and 38--39 weeks of gestation (*p* = 0.22) ([S4 Fig](#pone.0233909.s004){ref-type="supplementary-material"}).

MMs per cluster had statistically critical points at 26--27 weeks of gestation (*Cp* = 0.81). However, there was no significant difference in either 24--25 weeks and 26--27 weeks of gestation or 26--27 weeks and 38--39 weeks of gestation (*p* \> 0.05) ([S5 Fig](#pone.0233909.s005){ref-type="supplementary-material"}).

The ratio of the number of RMM clusters per minute between NEM and EM periods had statistically critical points at 36--37 weeks of gestation (*Cp* = -2.85). However, there was no significant difference at either 24--25 weeks and 36--37 weeks of gestation or 36--37 weeks and 38--39 weeks of gestation (*p* \> 0.05) ([S6 Fig](#pone.0233909.s006){ref-type="supplementary-material"}).

Discussion {#sec012}
==========

Main findings {#sec013}
-------------

Both RMM clusters per minute in EM and RMM clusters per minute in NEM had critical points at 32 to 33 weeks and at 36 to 37 weeks of gestation, and a significant increase was observed between the critical points. This suggests that the changes in the occurrence of RMM clusters were related to the occurrence of RMM clusters synchronized to the NEM period.

Comparison with existing literature {#sec014}
-----------------------------------

According to van Woerden et al., RMM clusters were observed in 74% of fetuses between 38 to 40 gestational weeks at 1F corresponding to quiet sleep in the neonatal period \[[@pone.0233909.ref005],[@pone.0233909.ref021],[@pone.0233909.ref022]\]. In addition, among targeted low-risk fetuses after 36 gestational weeks, Pilai et al. reported that 81.8% of cases had RMM clusters at 1F, 6.8% had no RMMs at 1F, and in 11.4% RMM clusters were not ascertained during the effective observation time \[[@pone.0233909.ref023]\]. In this study, among fetuses greater than 36 gestational weeks, 18 cases (81.8%) had RMM clusters in the NEM period, and 3 cases (13.6%) had no RMM clusters observed during the NEM period. In one case (4.5%) no RMM clusters were observed within the effective observation time. This is in keeping with previous reports, where it was found that there were cases that with no RMM clusters observed at a certain rate.

Horimoto et al. reported the cumulative incidence of mouth movements at every time interval \[[@pone.0233909.ref009]\]. The cumulative incidence of mouth movements at every time interval between 28--31 weeks of gestation showed no bias. However, there was a bias concerning mouth movements with interval times less than 1 second at 35--41 weeks of gestation. Cases between 32--34 gestational weeks had a transition period between the two weeks. In this study, RMM clusters did not increase or decrease from 32 to 33 weeks' gestation but increased significantly from 32 to 33 weeks to 36 to 37 weeks of gestation. The transition period shown in the previous study may have been due to an increase in RMM clusters.

Pineda et al. measured NNS per burst and NNS bursts per minute between 32 and 43 weeks of PMA (post-menstrual age) in preterm infants born before 32 weeks' gestation. It had been reported that both indicators increase with advancement in PMA \[[@pone.0233909.ref024]\]. In this study, RMM clusters per minute equivalent to NNS per burst per minute increased from 32 to 37 weeks of gestation, but MMs per cluster equivalent to NNS per burst did not change with advancement of gestational age. In the study by Pineda et al., the median NNS per burst at PMA of 32 to 39 weeks was not significantly increased or decreased, and the results were similar in this study. Moreover, other studies of preterm infants have reported that poor NNS is an indicator of CNS dysfunction \[[@pone.0233909.ref025],[@pone.0233909.ref026]\]. These studies show that understanding changes in NNS is useful for assessing normal development of the CNS.

In a fetal study, it was reported that the secondary sulcus develops rapidly and the cerebral wall increases remarkably from 29 weeks to 34 weeks' gestation \[[@pone.0233909.ref027]\]. NREM sleep also has been reported to begin to appear between 33--35 weeks of gestation when neuronal connections in the thalamo-cortical region and brainstem begin to function \[[@pone.0233909.ref028]\]. This coincides with the time when the number of RMM clusters in the NEM period increased in this study.

In a study of full-term neonates, there was an association between high-amplitude electroencephalograph waves during non-REM sleep and RMM clusters. The slow rhythm waves of the electroencephalograph during non-REM sleep were recorded when the majority of cortical neurons in a specific brain region were involved \[[@pone.0233909.ref008]\]. It is generally believed that slow waves originate in the neocortex \[[@pone.0233909.ref029],[@pone.0233909.ref030],[@pone.0233909.ref031]\]. Based on the above findings, it might be considered that the changes in RMM clusters observed in this study represent fetal sleep development and CNS development.

By continuously observing the infant after birth, it may be possible to confirm the developmental prognosis of the baby in relation to RMM. Therefore, there is a possibility that these data can be clinically used as one of the indicators of neurodevelopment in the future.

Strengths and limitations {#sec015}
-------------------------

This is the most detailed study of RMMs in human fetuses. This study has two limitations. The first limitation is due to the method of observing the fetus with ultrasound. Cases where such observation was not possible, or in which the effective observation time was insufficient were not included, which may have affected the results of this study. The second limitation is that the duration of the study was limited to only the gestational period and no comparison was made to postnatal neurological prognosis. Furthermore, as the number of cases included in the analysis was limited, future studies should use larger sample sizes. Despite the above limitations, a certain tendency was observed in the development process of RMMs.

Conclusion {#sec016}
==========

RMM clusters per minute in NEM increased from 32--33 weeks to 36--37 weeks of gestation. These results may be indicative of developments in the CNS and fetal sleep mechanism.

Supporting information {#sec017}
======================

###### Cross-sectional observation by sonography.

A cross section of the fetal eye movements and mouthing movements observable on coronal imaging in which the edge of the fetal lens was depicted as a ring-shaped circular echoic image at the same time that the mouth was observed.

(TIF)

###### 

Click here for additional data file.

###### Bar graph of RMM clusters per minute.

The horizontal axis indicates the RMM clusters per minute and the vertical axis indicates the weeks of gestation. The bars represent means and standard deviations. \**p* \< 0.05, n.s.; not significant.

(TIF)

###### 

Click here for additional data file.

###### Bar graph of RMM clusters per minute in EM.

The horizontal axis indicates RMM clusters per minute in EM and the vertical axis indicates gestational weeks. The bars represent means and standard deviations. n.s.; not significant.

(TIF)

###### 

Click here for additional data file.

###### Bar graph of RMM clusters per minute in NEM.

The horizontal axis indicates RMM clusters per minute in NEM and the vertical axis indicates the gestational weeks. The bars represent means and standard deviations. \**p* \< 0.05, n.s.; not significant.

(TIF)

###### 

Click here for additional data file.

###### Bar graph of MMs per clusters.

The horizontal axis indicates the MMs per cluster and the vertical axis indicates the gestational weeks. The bars represent means and standard deviations. n.s.; not significant.

(TIF)

###### 

Click here for additional data file.

###### Bar graph of ratio of number of RMMs clusters per minute between NEM and EM periods.

The horizontal axis indicates the ratio of number of RMM clusters per minute between NEM and EM periods and the vertical axis indicates the gestational weeks. The bars represent means and standard deviations. n.s.; not significant.

(TIF)

###### 

Click here for additional data file.

10.1371/journal.pone.0233909.r001
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A study on the association between eye movements and regular mouthing movements (RMMs) in normal fetuses between 24 to 39 weeks of gestation

PLOS ONE

Dear Morokuma,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by May 23 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Mehmet Yekta Oncel, M.D.

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

I think the comments of the referees should be reviewed by the authors. There are some unanswered questions.

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: General comments

The revised manuscript is significantly improved. However, I think that one minor revision is needed to accept this manuscript in the PROS ONE.

Specific comments

1\. The frequency of the probe means 3-MHz, 3,5-MHz, or 5-MHz, etc. Authors should state the frequency of the probe in the text.

Reviewer \#2: The authors have made a good effort to address the comments from all the reviewers, and I am happy to support the publication

Reviewer \#3: The authors have submitted a new version of the manuscript, apparently revised according to the comments of the reviewers which they claim were \"fully considered and included in the revised version\". However, at least for the points I raised, they only reported a very generic sentence \"Cases where such observation was not possible or time during which observation was not possible were not included\". The authors did neither mention the number of cases in which the recording had started and then aborted nor their incidence by weeks of pregnancy. In addition, they did not include a sonographic image to show the technique, nor a clip to this extent.

Since the former was my major criticism, because it is quite clear tha major head and trunk movements do occur quite frequently in the 3rd trimester of pregnancy, I do not think my comments were adequately dealt for. Therefore, I would recommend rejection of the paper, due to possible selection bias and failure to comply with reviewers\' suggestions

Reviewer \#4: Thank you for the revisions

The authors made all the changes that have been recommended by the reviewers

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Response to Reviewers

We would like to thank the reviewers for taking the time to review our manuscript and for their useful comments. The reviewers\' comments are in italics below, while our responses are typed in bold. Changes in response to the comments have been highlighted in red font in the revised manuscript.

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: General comments

The revised manuscript is significantly improved. However, I think that one minor revision is needed to accept this manuscript in the PROS ONE.

Specific comments

1\. The frequency of the probe means 3-MHz, 3,5-MHz, or 5-MHz, etc. Authors should state the frequency of the probe in the text.

Response: Thank you for your kind comments. The frequency of the probe used is 3.5MHz. We have added the frequency of the probe in the text. (Line 100-101)

Reviewer \#2: The authors have made a good effort to address the comments from all the reviewers, and I am happy to support the publication

Response: Thank you for this kind comment; we appreciate your support.

Reviewer \#3: The authors have submitted a new version of the manuscript, apparently revised according to the comments of the reviewers which they claim were \"fully considered and included in the revised version\". However, at least for the points I raised, they only reported a very generic sentence \"Cases where such observation was not possible or time during which observation was not possible were not included\". The authors did neither mention the number of cases in which the recording had started and then aborted nor their incidence by weeks of pregnancy. In addition, they did not include a sonographic image to show the technique, nor a clip to this extent.

Since the former was my major criticism, because it is quite clear tha major head and trunk movements do occur quite frequently in the 3rd trimester of pregnancy, I do not think my comments were adequately dealt for. Therefore, I would recommend rejection of the paper, due to possible selection bias and failure to comply with reviewers\' suggestions

Response: Thank you for your comment. We apologize for not fully answering your concerns in the last round of revision. In two cases, the effective observation time was insufficient due to fetal posture and movement; the gestational weeks were 36 and 38 weeks, respectively, when the two cases were observed. We apologize for not including these two examples in the fetal population. Therefore, we have revised the manuscript according to your comment (line 176-178). When we were unable to render the appropriate cross-section, we adjusted the position of the probe and asked the mother to change her position so that the proper cross-section could be rendered. We have revised the manuscript to clarify this (line 105-107). We have also described this as a limitation of the study (line 286-287).

In addition, we have added a figure /clip illustrating the sonographic approach as S1 Fig. Finally, many other researchers have used this research method. Reference number 5, 9, and 16 use a similar research method to the one used in our study.

Reviewer \#4: Thank you for the revisions

The authors made all the changes that have been recommended by the reviewers

Response: Thank you for this kind comment; we appreciate your support.
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Dear Dr. Morokuma,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Mehmet Yekta Oncel, M.D.

Guest Editor

PLOS ONE

Additional Editor Comments (optional):

The authors made all the changes that have been recommended by the all reviewers.

Reviewers\' comments:

Reviewer\'s Responses to Questions

Reviewer \#3: Now eventually also my comments have been addressed. Thanks. In particular, a picture showing the reference view of the fetal face has been added. And the number of cases discarded because of fetal movements too, even though in my experience these should have been much higher\...
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A study on the association between eye movements and regular mouthing movements (RMMs) in normal fetuses between 24 to 39 weeks of gestation

Dear Dr. Morokuma:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Mehmet Yekta Oncel

Guest Editor

PLOS ONE
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